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Casein, purified at the point of its maximum flocculation, is able to bind base, forming a salt soluble in water. The amount of casein which passes into solution is not only dependent upon the amount of base added, but also upon the temperature.
We propose to study the interdependence of three variables: the base added, the casein dissolved, and the temperature.
The properties of casein when dissolved in alkali and combined with base have been studied by a large number of investigators and by different methods. The results obtained may conveniently be considered in terms of the different equivalent combining weights for base that they have ascribed to casein.
II.
The Equivalent Weight of Casein. Electrometrically at pH 8.50 " " " 8.50
" " "
8.50
" " " 7.00 " " " 7.00 " " " 7. workers. It seems plausible to give credit for the discovery of this important number in the chemistry of casein to these investigators, although this discovery was of a somewhat accidental nature. Hammarsten (3), in 1877 , greatly improved the method of preparation of casein, which with few modifications is still used by modern investigators. He (3) also discovered that casein decomposes CaCO3 liberating COs, which indicated that this protein is an acid.
Titration of Casein to Indicators.--Many investigators have studied
the acid properties of casein, titrating it with base to a suitable indicator. Phenolphthalein was chosen most often, as the appropriate method of titrating a weak acid, casein, and a strong base.
SSldner (4) found that 8.3 cc. of 0.10 N mono-or divalent base were required to bring 1 gin. of casein to neutrality to phenolphthalein. Since Srldner's research, Courant (5), Timpe (6), Bechamp (7), Laqueur and Sackur (8) , Matthaiopoulos (9), Hart (10), Pfyl and Turnau (11) , Peroff (12) and Bleyer and Seidl (13) have titrated casein to indicators. Most of the results of these investigations are recorded in Table I . On the whole, these data agree fairly well with each other, showing the existence of a definite chemical substance, endowed with a certain base-binding capacity. Loeb (:14) showed that the bases combined with casein in equivalent proportions whatever the end-point to which this protein was titrated.
Electrometric Studies upon Casein.--From our present knowledge of the chemistry of casein, the amount of base bound to phenolphthalein is of no fundamental importance; it is merely a single point on the titration curve of casein. Casein can bind far more base in more alkaline solutions. In 1910, Robertson (15) found that the casein preparations that he studied bound, at saturation, as much as 180 X 10 -5 equivalents of base per gin. of casein.
Later electrometric estimates of the maximum base-combining capacity of various casein preparations (15) (16) (17) (18) showed the existence of at least two modifications of casein: one binding about I80 X 10 -5 equivalents of base per gm. and having a steeper titration curve and the other termed "unmodified" casein, having a maximum basecombining capacity of 138 X 10 -6 equivalents and a flatter titration curve. The former of these modifications appears when a casein preparation, during the course of its purification, is subjected to an alkaline I treatment (18) . (19) studied the amount of base necessary to hold casein in solution. He found that 1.14 X 10 -4 equivalents of monovalent base is sufficient to hold 1 gin.
Solubility Studies upon Casein.--Robertson
i For a review of the subject, as well as the shape of the titration curves of caseins, consult Cohn, E. J., The physical chemistry of the proteins, Physiol. Rev., 1925, v, 349. of casein in solution (15) . In systems containing Ca(OtI)~, the amount of base bound by casein was found to be 1.19 × 10 -4 equivalents (20 × 10 -4 equivalents of monovalent bases. Dialyzing the solutions of casein with divalent bases, they found that the amounts of these bases necessary to hold casein in solution were just twice the amounts of monovalent bases. In Table II we are referring to the method used by Robertson and by Van Slyke and Bosworth as the "saturation" method.
Yamakami (22) adding NaOH to casein and, filtering off the undissolved casein, found that 2.25 to 2.50 × 10 -4 equivalents of base dissolve 1 gm. of casein. This upon calculation yielded 4.150 gm. for the equivalent weight Of casein, that is the weight of casein bound by 1 gm. equivalent of base.
Long (24) , in 1907, found that 5 gm. of casein will dissolve completely in 22.5 cc. of 0.1 N alkali, which upon calculation yields 2220 gm. for the equivalent weight of casein, based on these solubility measurements.
The solubility of casein in NaOH solutions was extensively studied by E. J. Cohn and Hendry (25) . From their measurements they found the equivalent weight of casein to .be 2100 gm. These investigators came to the important conclusion that the only determining factor in the solubility of casein with NaOH is the amount of base added. The amount of casein may be varied without affecting the solubility. ~ This value of the equivalent weight of casein has been recently confirmed by various methods. Greenberg and Schmidt (27) , from the study of the electrochemical equivalent of casein, calculated the equivalent weight as 20!5 gm. Carpenter (28) , using the formol titration method, concluded "that one formula weight of amino-group is linked with carboxyl per 2!50 gin. of casein."
Certain relationships exist between the equivalent weights obtained by various investigators from their solubility measurements. The equivalent combining weight with monovalent bases determined by the so called saturation method, 8800 to 8890 is just twice the weight obtained by the same authors with divalent bases, 4~0. Half of this value, 2220, yields the equivalent combining weight determined by solubility, by transport number, or by formol titration. Again, one-third of the equivalent weight of casein determined by these methods is equal to the maximum base-combining capacity of "unmodified" casein, 725, and one-fourth to that of casein modified by alkaline treatment, 545. The researches carried out by many investigators thus reveal the existence of certain definite compounds of casein that exist under specified conditions. Ill.
EXPERIMENTAL.
Casein Preparation.--The proteins used in this investigation were prepared according to the modified (25) method of Van Slyke and Baker (29) . The caseins were prepared from fresh unpasteurized milk. They were precipitated by the addition of HC1, and redissolved with NaOH. From fear of modification, we have never exposed our caseins to a hydrogen ion concentration less then pH 7.00. The casein solutions were passed through a Sharples centrifuge, filtered through paper pulp filter, and reprecipitated with HC1. This procedure, resolution, and reprecipitation, was repeated once or twice. Finally, the casein precipitate was extensively washed with distilled water until chloride-free. The procedure for the preparation of casein has already been reported in detail (25) .
The Measurement of Solubility.--The solubility measurements were carried out very much as described in a previous communication from this laboratory (25) . Samples of uncombined casein precipitates were placed in 100 cc. volumetric Pyrex flasks and the required amount of very dilute NaOH was slowly added. Next, the flasks were filled to the mark with CO~-free distilled water and placed in a shaking machine for equilibration. All the reagents were always used at the temperature at which the experiment was set.
Two shaking machines were used in the process of equilibration of the protein with NaOH. One, less efficient, was used in the experiments at 25 ° and at 37°C. The other, at least three times more efficient than the former, was used for all experiments at other temperatures. The times for equilibration given in the tables describing our experiments are therefore not strictly comparable to each other.
After the systems containing casein had reached equilibrium, they were filtered through No. 42 Whatman's paper filters. The filtration was carried out at the temperature of the experiment, except in those done at 49 ° . In this investigation, the filtration was carried out at about 20°C. As we shall see in a subsequent section of this paper, this difference of temperature did not interfere with the measurements.
Aliquot parts of the filtrates were then analyzed for nitrogen by the Kjeldahl method. Allowance was made in calculations for the small amounts of nitrogen present in the reagents. The analyses were carded out in triplicate. In all calculations we used the factor 6.40 for converting the amount of casein nitrogen into the amount of the protein,--that is, the per cent of nitrogen in casein was assumed to be 15.62.
If one calculates the results of the analyses on the basis of the solution, ~ithout taking into consideration the precipitate, the result will be a figure slightly higher than the true one, as the total volume of a suspension is made up of two parts: the volume of the solution and the volume of the precipitate.
In all our experiments the amount of casein in the form of a precipitate was less than 1 per cent, and since the density of casein precipitate is about 1.26 (30) the error is less than 1 per cent and can be neglected for the present.
IV.

The Effect of Temperature on the Solubility of Casein in Water.
The solubility of casein in water at the point of minimum solubility has been the subject of several investigations. Bechamp (7) found that freshly precipitated casein, free from acid, was soluble in water. According to this investigator, the solubility is dependent both upon time and temperature. From 0.24 to 1.005 gin. of casein was found to dissolve in 1 liter of water between the temperature range of 15 ° and 25°C. In order to obtain the maximum solubility, Bechamp found it necessary to triturate casein with water for 52 hours. Under these conditions, at 20°C., casein was found to be soluble in water to an extent of 1.005 gin. per liter of solution.
Osborne (31), Laqueur and Sackur (8), and Robertson (32) believed that no appreciable amount of casein dissolved in water. ¥amakami (22) triturated casein with distilled water and after leaving the suspension standing for a considerable period of time at low temperature, found from 0.0118 to 0.0156 gin. of casein per 100 cc. of the filtrate. He, however, thought that the reason for this phenomenon was purely manipulative.
Cohn (33), after a prolonged agitation of suspension of casein in water, found that this protein dissolves to a constant and characteristic amount, the amount dissolved being independent of the amount of the casein in the suspension; 0.11 gin. of casein according to this investigator, is dissolved in 1 liter of water at 25.0°C.
As we see, the results of these investigations disagree widely. It is quite likely that the earlier measurements of the solubility of uncombined casein in water are incorrect. Accurate measurements became possible after the development of the modem knowledge of the isoelectric points of proteins.
It was of interest to investigate the effect of temperature upon the solubility of this protein in water as compared to the effect of this factor on the capacity of casein to bind base. If these two phenomena are unequally affected by the temperature, they are likely to be of different physicochemical nature. If, conversely, they are equally increased or decreased by the temperature, they probably are functions of a single physicochemical property of the protein.
The results of our investigation on the solubility of several preparations at 5.0°C. and of Casein Preparation XXVII at 25°C. are reported in Table IIL From the results of these measurements the solubility of uncombined casein in water at 5.0°C. may be taken as being equal to about 0.70 ± 0.10 mg. of Nper 100 gm. of water, or, in terms of the protein, 0.045 gin. are dissolved per 1000 gin. of water. Table III also includes an investigation of the solubility of Casein Preparation XXVII at 25°C. It appears from our experiments that this casein preparation dissolved to a slightly greater extent than the value given by Cohn (33) for the solubility of th/s protein in water. It seems advisable, therefore, to widen the limits of the solubility of casein in water, assigning to this solubility 2.00 4-0.30 nag.
of nitrogen per 100 gin. of water at 25°C., or, in terms of casein, about 0.13 gm. of casein are soluble per i000 gin. of water.
We also attempted to measure the solubility of casein in water at 37°C., but found that the solubility at this temperature, unlike that at 25 ° , was dependent upon time, indicating, presumably, a progressive hydrolysis of the dissolved casein.
From the data at hand, we may conclude that the solubility of casein in water is dependent on the temperature: an increase of 20°C. nearly triples the solubility of this protein in water.
A comparison of the increase of the solubility in water of casein with the corresponding change in the capacity of casein to bind base (Fig. 2) indicates that these phenomena quantitatively are not identical: the change in the acid properties of casein, as measured by its solubility in base, is less than the change in the solubility of this protein in water, which suggests that these phenomena may depend upon independent chemical reactions.
V.
The Effect of Temperature upon the Solubility of Casein in Base.
In 1888, St~ldner (34) noted that the salts of casein with Ca, Ba, Sr, and Mg become opalescent when heated to about 40°C. The opalescense disappeared upon the cooling of the solution. Osborne (31) confirmed these observations and also found that Li caseinate shows a very slight turbidity when warmed; ammonium caseinate, however, showed no sign of precipitation. Osborne explained this phenomenon in terms of hydrolysis of the protein salt: on heating the solution, casein is formed, which being insoluble, produces the opalescense. In 1908, in an extensive investigation upon the effect of temperature upon the solubility of cases with bases, Robertson (35) found that, unlike the systems containing casein and bivalent bases, those containing this protein and monovalent bases are affected by the temperature in the opposite manner: with the rise in temperature the solubility increases. Robertson correctly pointed out that the hypothesis "the facts are much more readily explained on the supposition that the effect of temperature consists in shifting the equilibrium, HXOH + HXOH ~ HXXOH + H~O toward the right so that a given amount of alkali (since it is associated with a molecule of nearly double that weight) neutralizes nearly twice as much casein at 66 ° as it does at room temperature (21°). The marked diminution in the solubility of casein in Ca(OH)~ solutions, which occurs on raising the temperature, can be explained by supposing that the salt Ca(XXOH)2 is insoluble, while the salt Ca(XOH)2 is soluble."
However, Robertson's theory, essentially based on the supposition that the protein's ultimate particle could be easily broken into two, has met with considerable criticism. Its application to the ionization of the proteins was unquestionably disproved by Greenberg and Schmidt, who, in a series of experimental studies (27, 36) upon casein, have shown that the behavior of this protein can be explained upon the assumption of the formation of a single protein ion.
Furthermore, Robertson's own data (Table IV) do not favor his theory: an increase of temperature from 21 ° to 60 ° does not double the solubility of casein in base and the amount of protein dissolved at 60 ° can hardly be increased by a further rise of temperature. The phenomenon seems to be of a far more complex nature.
Although we disagree with some of the aspects of Robertson's interpretations of his experiment, the data themselves, as we shall see, are in excellent agreement with recent solubility measurements upon casein. Since in a further discussion of this subject we shall extensively use Robertson's data, we shall first reproduce his table (Table  IV) , replacing the "concentrations of base" by the "amount of base added," and secondly, give a short description of his experimental procedure.
A given amount of base (35) , diluted to 100 cc. with distilled water, was warmed to the desired temperature in a thermostat, which was kept constant within 0.5 ° . Then three times the amount of casein which would be dissolved by the given amount of alkali at room temperature (i.e. 3 gin. to every 5 cc. N/10 alkali) was introduced and the mixture left in the thermostat for from 30 to 40 minutes, being vigorously shaken at frequent intervals. The resulting solution was then filtered at the same temperature and the filtrate allowed to cool.
The estimate of the amount of casein dissolved was made by titrathag the solution to phenolphthalein. Knowing that 0.125 gin. of casein bind 1 cc. of 0.1 1~ alkali to this indicator, and the amount of alkali already added to the sample, Robertson was able to estimate the amount of casein dissolved. The casein solutions subjected to such high temperature as 88°C., used in certain of Robertson's experiments, are indeed likely to undergo a hydrolytic scission. Robertson (35) found that 46 × 10 -5 equivalents of KOH at 88 ° after half an hour dissolved 1.13 gm. of casein. The same solution kept for 3 hours dissolved 1.25 gin. The error, according to Robertson, would be about 0.04 gin. in half an hour at 88 ° .
At lower temperatures, the error must be still smaller, and at 49 ° as our measurements show (Table V) , increasing the time for equilibration from 2 to 4 hours hardly changed the solubility of casein in NaOH.
It is therefore quite probable that up to 80°C. the hydrolysis of casein does not appreciably affect the solubility measurements, provided of course the solutions are not exposed to high temperature for a long period of time.
The results of Robertson's investigation at 21 ° and at 66 ° are reproduced in Fig. 1 . For comparison, on the same chart are plotted the results obtained by Cohn and Hendry (25) with NaOH at 25 °. It is evident from this graph that the results of Robertson's measurements yield an excellent straight line. The equivalent weight of casein, calculated from these experiments, is 2000 gm. at 21°C. Furthermore, KOH, LiOH, and Ca(OH) dissolve casein at this temperature in equivalent proportions2
The equivalent weight calculated by us from Robertson's experiments is in close agreement with the one obtained by Cohn and Hendry. The former is 2000; the later 2100. The agreement is within about 5 per cent. The comparison is possible because (Table  IV, Fig. 4 ) the solubility of casein with monovalent bases in this range is independent of the temperature, the combining weight remaining constant throughout the range from about 21 ° to 37 ° .
3 Robertson formerly held the same opinion. Later, however, he gave it up in favor of the evidence brought about by the experiments of Van Slyke and Bosworth (21) . The statement that casein is dissolved by Ca(OH)~ in equivalent proportions is not strictly correct. As our unpublished measurements indicate the relationship obtained by Robertson holds true only under certain experimental conditions. Unlike the solubility with monovalent base the solubility of casein with divalent base is a function of the amount of casein in the system. Such systems will be considered in a separate communication. 
It is of interest to consider these two sets of experiments from the
time in Cohn and Hendry's experiments varied from 24 to 72 hours (25).
It is evident that a 1~0 fold variation of the time of equilibration had practically no effect upon the solubility of the casein. We may conclude from this that, first, casein is readily soluble in alkali; and, second, that soon a stable state is reached, the solubility of the casein being practically independent of time. The latter is a criterion for the equilibrium conditions.
There is one more conclusion that can be obtained from the comparison of these two investigations. Robertson estimated the amount o/casein dissolved by the amount of base bound by this protein in solution; Cohn and Hendry estimated the same quantity directly, by estimating the amount of casein in the liquid phase. The equivalent weights correspond graphically to the slopes of the lines relating the amount of base added, and the amount of casein in solution. The slopes of these lines in these two cases agree within 5 per cent, which evidently means that casein dissolves and binds base at the same rate.
To extend and supplement the observation of Robertson, we have carried out measurements of the solubility of casein in NaOH at various temperatures. These results are reported in Table V The solubility of casein in small amounts of NaOH at 5°C. is distinctly different from its solubility at 25°C. (Fig. 2) . In the range investigated, about 1300 gin. of casein are carried into solution by 1 tool of NaOH while according to Cohn and Hendry (~25), 2100 gm. pass into solution per 1 tool of NaOH added, in this range at 25°C. The solubility of casein in small amounts of NaOH at 5°C. is unaffected by the amount of the saturating body. We have varied the amounts of this protein without appreciably changing the solubility. When casein begins to dissolve at 5°C., the slope of the solubility line may be, therefore, taken as being equally characteristic of this protein, as is the solubility of casein at 25°C.
In a separate communication we shall take up further consideration of this case in relation to the solubility of this protein in Ca(OH)2.
In Table VI , we have compiled the value of the equivalent weights with monovalent bases at various temperatures.
Outside these data, we have the single determinations of Robertson (Table IV) from which there is no way to estimate directly the equivalent weight, since the origin of the solubility lines (Figs. 1, 2, and 3) varies with temperature and probably with the method used. These points cover the range from 21 ° to 60°C., as well as the temperatures higher than 66°C.
From these data the equivalent weights were calculated upon the following considerations. First, as we may note from Table IV , the solubility of casein in monovalent bases is probably constant in the range of 21 ° to 36°C. The origin of the line (Fig. 1) at 21 ° C. as far as we can estimate it, is at the zero point. Since no change in the solubility occurred, up to 36°C., it is plausible to assume that the origin of the line at this temperature has not changed.
A similar consideration holds true for the range of temperature from 60 ° to 80°C. The scattering of the experimental points is greater than at 21° (see Fig. 1 ). They do not show any decided tendency either to increase or to decrease. We have assumed therefore that the origins of the lines of the solubility measurements have not appreciably changed. The line at 66 ° C. (Fig. 1) cuts the abcissa at about 11.0 × 10 -5 mols of base# It is therefore probable that the change of origin of the lines relating the solubility with the base added takes place at the temperatures from about 37 ° to 60 ° . The equation for this change as a function of temperature is not available. We have assumed it to be a straight line, and from this line calculated the intermediary corrections listed in column (3) of Table VII . Even if this relation in Robertson's experiments is not a straight line, the diversion from the straight line will only be a fraction of the correction while the correction itself is only a fraction of the amount of base added.
It is evident that the exact shape of the line is of no great importance to the calculated result.
Using these corrections for the origins, we have calculated in Table VII the  equivalent weights for the single observations of Robertson. 4 Throughout this investigation we often refer to the origin of the solubility lines. This reference is made purely for the evaluation of the data. No physical significance should be attached to the values obtained by extrapolation, since it is always possible that with small amounts of base at high temperature casein would display a different combining weight, which might bring the origin nearer to the zero point. We have tried to measure the solubility of casein in small amounts of base at high temperature but found that these solutions underwent a rapid hydrolysis.
They are reproduced in Fig. 4 , with the data compiled in Table VI . As we see, they agree satisfactorily with our own determination at 49°C.
If, however, this method of procedure seems not plausible enough, the conclusions obtained in the next section of this report can be deduced without the calculations of Table VII. These calculations, as we believe, complete the quantitative formulation of the effect of temperature upon the properties of casein, and in this sense have their place.
From the physicochemical standpoint, it is of considerable interest to learn whether changes brought about by the temperature in the capacity of casein to bind base are reversible. While Ca caseinates become opalescent on heating, and the opalesence disappears on cooling, no such evidence is visible in the case of salts of potassium or sodium. In order to test the reversibility of this system, we brought some of the suspensions used in the experiment at 49°C. to a temperature of 5°C., at which temperature they were continuously shaken for about 200 hours. Then the suspensions were filtered and the amount of casein in solution determined as before.
No evidence of any decrease in the solubility of casein was noted. It is difficult to conclude from this that the reaction is irreversible, because it is always possible that the period of shaking of the suspensions was not sufficient. . is a change of an irreversible nature, evidently we would not be able to obtain a casein displaying a lesser equivalent weight at a lower temperature. This is contrary to fact: the solubility of casein at 5 ° was found to be as low as 1300 gin. in some parts of the solubility curve. Therefore we must conclude that no permanent change occurs in casein, at least within the range of temperature from 5 ° to 20°C.
It is of considerable interest to extend such a conclusion to casein which was treated by base at a higher temperature. For this purpose one of the samples upon which the measurements of solubility with NaOH at 49°C. was carried out, and in which most of the protein was dissolved, was reprecipitated by addition of dilute HC1 and washed free from the salt formed. Then to this precipitate 6.00 × 10 -5 tools of NaOH were added and the mixture equilibrated at 25°C. This amount of NaOH dissolved 19.6 rag. of casein N, which, after correcting for the origin, yielded I950 gm. for the equivalent weight of this casein.
Taking into consideration certain difficulties in manipulation with such small amounts of precipitate, we may conclude that the divergence from the average equivalent weight is not large enough to infer that a change occurred in the properties of the casein. The chemical cycle just considered may be outlined as follows:
heat cool I. Uncombined casein + Na0H = $1 --~S~ --'--~$2--> --NaCI --* Nail caseinate+HC1 = H~ casein + NaC1 --~ II. Uncombined casein + NaOH = $1 I and II as far as we can judge are quantitatively identical equations. 5 , the following seems to be evident. First, the base-binding capacity of a casein system, as measured by the solubility, is not a continuous function of temperature. The equivalent weight remains constant from 21 ° to 37°C., having the best representative value, in,round figures, of 2100 gin. From 37°C. to about 60°C. the solubility again becomes a function of temperature, and the equivalent weight rises from 2100 gm. to about 3700 gin. At a temperature higher than 60°C., casein with a rising temperature does not display any decided tendency either to increase its capacity to bind base, or to decrease it (Table  IV) . The scattering of the experimental points in the region of high temperature is greater than in the region of 21 ° to 37°C. A careful observation of the solubility of casein with KOH and Ca(OH)~ (Table IV) favors this conclusion. The corresponding solubilities at 60 °, 66 °, and 81°C. from Table IV are 1.34, 1.27, and 1.34 gin. of casein. Up'on inspection of Fig. 1 , it is probable that the experimental point at 66 ° is slightly off of the average line. The corresponding point on the line is higher than 1.27, which brings these figures to a still better agreement in regard to their constancy.
A further justification of the existence of a plateau at the temperature higher than 60°C. is furnished by Robertson's experiments (Table IV) with Ca(OH)2. It appears that the solubility of casein with Ca(OH)~ is steadily decreased until the temperature of 60 ° is reached, after which the solubility remains remarkably constant.
It seems therefore plausible to conclude that at a temperature between 60 ° and about 85°C. there exists a region in which the solubility of casein is unaffected by temperature.
The numerical expression of the equivalent of casein at this plateau is probably 3700 gin. It is true that some of the single determinations show a slightly higher equivalent weight, but it must be remembered that from the statistical point of view the value obtained at 66°C., being based on several measurements, has a far greater weight than the single determinations at 60 ° and 81 °, which furthermore, as we remember, were calculated by introducing a correction.
It seems reasonable, therefore, to conclude that the second plateau occurs when the equivalent weight of casein reaches the value of about 3700 gin.
In addition to the equivalent weight of casein determined by its solubility in monovalent bases, we can calculate, approximately, the amount of casein dissolved by one equivalent of Ca(OH)~ at the temperature from 60 ° to 88°C. (Table IV) . 1400 gin. of casein passes into solution per one equivalent of Ca(OH)~ in this temperature range.
In a following communication we shall report an investigation upon the acid properties of paracasein. This modification of casein, accord-ing to our experiments, has the equivalent weight with NaOH of 1450 gin. at 23 ° 4-2°C.
The combining weights 3700, 2100, 14~0, and 1400 have one characteristic in common. They are all estimates of the solubility of casein in bases at temperature levels at which the base-binding capacity of casein seems to be unaffected by changes of the temperature, within certain limits.
The discontinuous behavior of casein toward the temperature suggests that these levels may be associated with definite changes in the casein molecule.
In Table VIII is found an attempt to identify such a change. It appears that these combining weights are common multiples of 720, common multiples within a few per cent. The common factor, 720, in its turn (Table II) is very nearly equal to the maximum basebinding capacity of an "unmodified" casein, which is 725 gin. at 20 ° (18). The equivalent weight is a reciprocal measure of the acid or basic properties of a protein, since the greater the number of basic or acid groups involved, the smaller will be the weight of a protein combined with a given amount of acid or base.
It is therefore of interest for the estimate of acid properties of casein, to convert our combining weight into the amounts of base bound by 1 gin. of the protein. This has been done in column (4) of Table IX . In column (5) of the same table we have calculated the ratio of the amount of base bound by 1 gm. of casein at saturation to the reciprocals of the remaining combining weights. The calculation yields a multiple relation, as we should certainly expect from the calculations of Table VIII .
It appears that I gin. of casein is completely dissolved at the temperature from 60 ° to 85°C. when it binds one-fifth of the amount of base necessary for its saturation at 20°C. At the temperature level from 21 ° to 37°C. the same amount requires one-third of the amount necessary for the saturation. Paracasein passes into solution when 
;.1 5.0 *. 1 gin. of this modification of casein binds one-half of the amount necessary to saturate an "unmodified" casein. The system caseinCa(OH), from 60 ° to 85°C. conforms to the last relation.
Up to the present we have treated the system casein-Ca(OH)2 as being identical with the system casein-monovalent base. The parallel is not strictly correct. A large body of experimental evidence indicates, as we have seen, that casein with Ca(OH)2, at high temperature, forms a rather insoluble salt. If a similar change occurs in the properties of casein in this system, as it does in the system of caseinmonovalent base, the relation of the combining weights (Table IX) EFFECT OF TENiPERATURE ON CASEIN to each other indicates that the solubility of casein in Ca(OH), becomes independent of the temperature when about two-fifths of the salt formed is soluble in water.
The evidence gathered in this discussion seems to indicate that the base-binding capacity of casein is not only affected discontinuously by the temperature, but that there exists a definite multiple relationship associated with this discontinuous behavior, indicating that this change is of a stoichiometric nature.
SUMMARY.
1. The investigations dealing with the properties of casein as an acid were reviewed.
2. The solubility of uncombined casein in water was measured at 5°C. and found to be 0.704-0.1 rag. of N per 100 gin. of water.
3. Robertson's solubility measurements of casein in bases at various temperatures were recalculated and found to agree well with more recent measurements.
4. By combining the observations of several investigators, as well as the author's measurements of the solubility of casein, in base, at various temperatures, the following conclusions were reached:
(a) The solubility of casein in base is affected by the temperature in a discontinuous manner.
(b) There exist two ranges of temperature, one, extending from about 21 ° to 37°C. and the other from about 60 ° to 85°C. where tile solubility of casein in base is practically independent of temperature.
(c) From 37 ° to 60 ° the equivalent combining weight of casein rises from tl~e value 2100 to about 3700 gin.
5. By comparing the values of base bound by 1 gin. of casein at the two temperature ranges with a constant, the value of base necessalt to saturate the same amount of casein, it was found that the latter value is a common multiple of the former values, indicating the stoichiometric nature of the effect of temperature.
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